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Geographic Information System
Building the GIS for this geodemographic study requires an understanding of the structure of a GIS, its components, and data structure to effectively plan how to incorporate geodemographics in solving spatial-related problems. 
According to Reddy (2018), GIS definitions all agree that spatial data are distinct because they are related to maps. GIS is made up of a database, map data, and computer-based connectivity between them. It holds data about the world as a set of thematic layers, each of which has a pictorial representation and is connected together in the spatial realm using a geographical reference system. GIS enables users to visualize, explore, and analyze data by location, revealing hidden patterns, relationships, and trends that are not readily apparent in spreadsheets or statistical packages. (Reddy, 2018). The ability to integrate multiple datasets ranging from satellite images, topographical data, and demography provides a more comprehensive view and understanding of the spatial problem.
Setting up a GIS involves some detailed steps, which is specific to the kind of problem we are trying to use the GIS to solve. Suzanne-Boden (2018) stated some steps in carrying out a gis analysis. They listed five steps in the analysis process are
1. Frame the question
2. Explore and prepare data
3. Choose analysis methods and tools
4. Perform the analysis
5. Examine and refine results
These steps would be used to guide the creation of a GIS build for the case study of cancer prevalence in Wales
Framing the question
One of the first steps essential in GIS analysis procedures is the framing of the question. This can also mean the definition of the problem. This involves the definition of the analysis or project’s scope, establishment of data requirements, and outlining of specific goals and requirements. Some projects involve answering several questions derived from high-level questions. How the questions are defined determines which GIS tools and methods you employ for analysis. In the case of this case study, the high-level question is what is the prevalence of lung cancer in Wales?
This question can be broken down into different sub-questions like
i. What is the distribution of lung cancer incidence in Wales by Local health board?
ii. Which LHB has the highest rate or the lowest rate of lung cancer incidence
iii. What is the distribution of lung cancer mortality in Wales by Local health board?
iv. Which LHB has the highest rate or the lowest rate of lung cancer mortality?
v. What is the distribution of lung cancer incidence among males in Wales by Local health board?
vi. Which LHB has the highest rate or the lowest rate of lung cancer incidence among males?
vii. What is the distribution of lung cancer mortality among males in Wales by Local health board?
viii. Which LHB has the highest rate or the lowest rate of lung cancer mortality among males?
ix. What is the distribution of lung cancer incidence among females in Wales by Local health board?
x. Which LHB has the highest rate or the lowest rate of lung cancer incidence among females?
xi. What is the distribution of lung cancer mortality among females in Wales by Local health board?
xii. Which LHB has the highest rate or the lowest rate of lung cancer mortality among females?
These are some of the questions that are taken into consideration in this case study.
Data Preparation and exploration
Data exploration involves the preparation and exploration of the data that would be used in the analysis. This technique requires high-level details, specifying what data is most effective for the approach. It also involves data preparation such as data cleaning, processing, and organization into formats suitable in a GIS environment. 
There are different types of data used in GIS build
Vector Data
Vector data are used to represent and attribute specific features on the Earth's surface. Vectors are made up of discrete geometric locations (x, y values) that define the shape of a spatial object. The arrangement of the vertices determines whether we are working with a point, line, or polygon vector.
Vector data can be thought of as instructions for how to render data. The best way to think of it is as a spreadsheet with columns that contain your regular data, but it also has an extra column called "geometry" that is always present. This column contains one or more coordinates that describe how the point, line, or polygon should be drawn.
Some of the important vector data formats are shapefile, geodatabase, DLG (Digital Line Graph), Digital Exchange Format (DXF), SVG (Scalable Vector Graphics)
Shapefile
The Shapefile is the most common format in GIS. It’s a vector format that can be read by almost all GIS systems.
According to Esri 1998, “A shapefile stores non-topological geometry and attributes information for the spatial features in a data set. The geometry for a feature is stored as a shape comprising a set of vector coordinates''
The file is made up of at least four parts. The .shp, .dbf, the .prj and the .shx. Every Shapefile can only contain one geometry type. This means that every feature in the dataset will be a point, a line or a polygon. You can’t have a shapefile that contains a mixture of geometry types.
· The .shp file contains the geometry data of each feature in the shapefile.
· The .dbf is a dBase file that contains the attribute data for all of the features in the dataset. The dBase file is similar to a sheet in a spreadsheet, and can even be opened in Excel.
· The .shx is the spatial index. It allows GIS systems to find features within the .shp file more quickly.
· The .prj is the projection file. It contains information about the “projection” and “coordinate system” the data uses
 Raster Data
A raster data is in its simplest form, a matrix (grid) of cells. The grid cells are organized and accessed by rows and columns. Each cell has a width and height and is a portion of the entire area represented by the raster. Raster data provides a representation of the world as a surface divided up into a regular grid array, or cells, where each of these cells has an associated value. Raster data is a bitmap image such as a TIFF or JPEG. This format is usually used for satellite imagery, aerial photography, elevation models and topographic maps. Examples are Tagged Image File Format (TIFF), GeoTIFF, Joint Photographic Experts, Group (JPEG), PostScript, band interleaved by line (BIL), band interleaved by pixel (BIP), ArcInfo GRID, DEM (digital elevation model)
GeoTIFF
The raster data format that is most widely supported is the GeoTIFF. TIFF is a bitmap image format similar to GIF, PNG or JPEG. A GeoTIFF is just a regular TIFF that also contains additional special metadata that allows us to know where it should be placed on a map. A GeoTIFF is an uncompressed format. There are many other raster formats that offer compression to reduce the file size, but these tend to be proprietary formats that require additional paid software to use.
Attribute data are non-spatial characteristics that are connected by tables to points, lines, “events” on lines, and polygons (and in some cases GRID cells). Attribute data are stored or arranged in tables. Many data used in GIS are collected and arranged in tables. These data can be joined to feature in GIS systems to serve as attribute data. Examples are dBase, Excel format (xlsx), CSV (Comma-Separated Values)
CSV (Comma-Separated Values)
CSV is often used in mapping, although it isn’t exclusively a mapping format. An advantage of the CSV is its simplicity. This simplicity means they can be read by almost any program including Excel or Google Docs. It can be read as tables in GIS Software. It’s literally a text file where columns are separated by commas and rows are separated by line breaks. When used in mapping, two extra columns are added to hold the x and y, or lat and lon. For mapping purposes this format is only really used for sharing point layers. The downside of the CSV is that they are very easy to break. Just one comma in the wrong place and the file becomes unreadable.
Using Excel for data gathering
Excel is a commonly used spreadsheet software that can be utilized to gather and organize data. With its built-in tools and functions, Excel can be an effective tool for collecting and managing data for various applications, including GIS. Here are some ways Excel can be used for data gathering:
Data Entry: Excel provides a user-friendly interface for manual data entry. Users can create custom data entry forms with data validation rules to ensure that data is entered accurately and consistently. Excel also provides the ability to copy and paste data from other sources, such as websites or other spreadsheets, which can save time and reduce errors.
Data Cleaning: Once the data is entered or imported into Excel, it can be cleaned and formatted to prepare it for analysis. Excel provides tools for cleaning and transforming data, such as removing duplicates, correcting errors, and standardizing formats. This can be particularly useful when working with large datasets or data from multiple sources, as it can help ensure that the data is accurate and consistent.
Data validation: Excel provides tools for validating data, such as drop-down lists, data validation rules, and error alerts. This can help ensure that the data gathered is accurate and consistent.
Data Import/Export: Excel provides the ability to import and export data in a variety of formats, including CSV, TXT, and XML. This can be useful for sharing data with other software applications or collaborating with others who may not have access to the same tools or software.
Data Acquisition
Data collection is split into data capture (direct data input) and data transfer (input of data from other systems). There are three sources of data capture. They are;
a. Primary data sources which are those collected in digital format specifically for use in a GIS project.
· Raster data capture – from remote sensing equipment
· Vector data capture - Two main branches are ground surveying and GPS
b. Secondary sources which are digital and analog datasets that were originally captured for another purpose and need to be converted into a suitable digital format for use in a GIS project
· Raster data capture using scanners - Maps, aerial photographs and images are scanned prior to digitizing
· Vector data capture - Secondary vector data capture involves digitizing vector     objects from maps and other geographic data sources- Heads-up digitizing
c. Obtaining data from external sources.
There are considerations or principles to consider when acquiring data for GIS builds
Data Quality: The quality of the data used in GIS is critical to the accuracy and reliability of the results produced by the system. High-quality data should be accurate, complete, and up-to-date. The data should also be relevant to the specific analysis or application being undertaken. Accuracy is a relative measure rather than an absolute one, since it depends on the intended form and content of the database. Different specifications can exist for the same general types of geospatial data. To judge the fitness-for-use of the data for some applications, one must not only judge the data relative to the specification, but also consider the limitations of the specification itself (Comité Européen de Normalisation (CEN) 1995). GIS data has different components to its quality. As defined by the International Organization for Standardization (ISO), these components include the following
· Completeness
· Logical consistency
· Spatial accuracy
· Thematic accuracy
· Temporal quality
· Data usability
Data Format: Choosing the appropriate data format is crucial to ensuring that the data can be easily accessed, manipulated, and analyzed within the GIS environment.
Spatial Resolution: Spatial Resolution refers to the size of the smallest feature that can be detected by a satellite sensor or displayed in a satellite image. It is important to choose a spatial resolution that is appropriate for the specific analysis or application being undertaken.
Data Integration: Data integration is the process of combining multiple datasets into a single coherent dataset. GIS software can be used to integrate data from various sources, including satellite imagery, field surveys, and public data sources. It is important to ensure that the different datasets are compatible and that any inconsistencies or errors are identified and resolved.
Metadata: Metadata provides information about the data, including its source, quality, and format. It contains information about scale, accuracy, projection/datum, data source, manipulations, how to acquire data
Thematic Mapping:
Thematic mapping is the process of representing data on a map based on a specific theme or subject. The data used for thematic mapping must be relevant to the theme being represented.
Data Requirement for the Case Study.
Cancer Incidence in Wales (1995-2019): This dataset provides information on the number of new cases of cancer in Wales over a 25-year period. The data is available on the Welsh Cancer Intelligence and Surveillance Unit (WCISU) website. The data is in Excel format.
Cancer Mortality in Wales (1995-2019): This dataset provides information on the number of deaths from cancer in Wales over a 25-year period. The data is in Excel format.
Boundaries of Local Health Boards (LHBs) in Wales: This dataset provides the boundaries of the Local Health Boards (LHBs) in Wales.
Population data: This shows the population of wales by Local Health Boards
Table showing data acquired for the case study
	Data Type
	Data
	Data Source
	Data format
	Link

	Cancer
	Cancer Incidence In Wales, 2002-2019
	The Welsh Cancer Intelligence and Surveillance Unit’s (WCISU)
	Excel
	https://phw.nhs.wales/services-and-teams/welsh-cancer-intelligence-and-surveillance-unit-wcisu/cancer-incidence-in-wales-2002-2019/cancer-incidence-data-tables-2002-2019/

	Cancer
	Cancer Mortality In Wales, 2002 – 2021
	Toronto Police Service's Open Data Portal
	Excel
	https://phw.nhs.wales/services-and-teams/welsh-cancer-intelligence-and-surveillance-unit-wcisu/cancer-mortality-in-wales-2002-2021/cancer-mortality-wales-data-tables-2002-2021/

	Boundary
	Local Health Boards - LHB Post Apr 2019 (Low Water Mark)
	DataMapWales – Gov.wales (Welsh Government services and information)
	Shapefile
	https://datamap.gov.wales/layers/geonode:lhb_low_water_mark_post_apr_2019

	Population
	Population estimates by local health boards and age
	StatsWales – Gov.wales (Welsh Government services and information)
	Excel
	https://statswales.gov.wales/Catalogue/Population-and-Migration/Population/Estimates/Local-Health-Boards/populationestimates-by-lhb-age



Data Analysis and Visualization
Selecting the suitable analysis to extract meaningful patterns, is dependent on the aim and objectives, and the data available. Spatial queries were used to extract meaningful information the dataset in this project. In other to make an informed decision using GIS, there are some queries and analyses, and visualization that need to be performed on the data within the GIS software environment. The software used was ArcMap.
Table Joins
The table join works by choosing a column from the map data and the spreadsheet that contains shared unique values. The GIS system will then find all records that match and join them together by appending the columns from your spreadsheet to the end of the attributes for the map data. In this case study, the lung cancer incident data, mortality data, and population data were joined to the Local Health Board Shapefile as attributes in ArcMap
Spatial Queries
Dixon, B. and Uddameri, V. (2015). Defined spatial query as the process of retrieving a data subset from a map layer by working directly with the map features. Esri Dictionary defines it as “A statement or logical expression that selects geographic features based on location or spatial relationship.” Spatial queries were run on the data depending on the information needed. The data was queried to extract Lung cancer form the cancer dataset, another for the year and Sex.
Thematic Mapping and Visualization
After querying the datasets, Map visualization of the queries are required to understand the trends. The data can be visualized as choropleth maps, graduated symbols and even multivariate maps.
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CASE STUDY: PREVALENCE OF LUNG CANCER IN WALES.
Introduction
Every year, around 2,500 people are diagnosed with lung cancer in Wales. Before the covid pandemic started in 2020, 75% of lung cancer cases in Wales were diagnosed at a late stage (stage 3 or 4). (Cancer Research UK, 2020). In common with the rest of the UK, lung cancer is the biggest cancer killer, claiming over 1,800 lives in Wales each year. One-year survival rates lag slightly behind those for England and Northern Ireland. (Roy Castle Lung Cancer Foundation, 2020). From data published on public health Wales website we can see that in 2019, there were 2,512 new cases and 1,872 deaths from lung cancer in Wales. The age-standardized incidence rate of lung cancer in Wales was 78.6 per 100,000 population, which was higher than the UK average of 65.7 per 100,000 population. The age-standardized mortality rate of lung cancer in Wales was 58.6 per 100,000 populations, which was also higher than the UK average of 46.5 per 100,000 population (Public Health Wales)
The most important risk factor for the development of lung cancer is cigarette smoking. It is estimated that eliminating cigarette smoking could prevent up to 90% of lung cancer diagnoses. Nonsmokers are more likely to develop lung cancer if they are exposed to certain industrial substances such as arsenic, some organic chemicals, radon, asbestos, radiation exposure, air pollution, tuberculosis, and environmental tobacco smoke (John Hopkins Medicine). The prevalence of lung cancer varies by geographic region, reflecting the differences in risk factors, such as smoking, air pollution, occupational exposure, genetic susceptibility, and socio-economic status. 
Geographic information system (GIS) analysis is a useful tool for mapping and comparing the spatial distribution and patterns of lung cancer prevalence across different areas. GIS analysis can also help explore the relationships and associations between lung cancer prevalence and other variables of interest, such as smoking prevalence, air quality, and cancer survival. A map is a visual information system that helps people to interpret and understand geographic data. In the case of healthcare, a map can help to display and analyze health data, such as disease patterns, risk factors, health outcomes, and health services (Antonacci et al. 2018). A map can also help to communicate health information to different audiences, such as policy makers, health professionals, and the public (Musa GJ et al. 2013). Visual interpretation of maps can be used; to identify areas with high or low prevalence of a disease or condition, and to monitor changes over time, locate and evaluate the accessibility and quality of health facilities and resources, and to plan for their improvement or expansion, compare and contrast the health status and needs of different populations or regions, and to identify disparities or inequalities, illustrate the spatial distribution and relationships of various determinants of health, such as environmental, social, economic, and behavioral factors (Musa GJ et al. 2013).
This case study aims to use GIS to analyze and visualize the prevalence of Lung cancer in Wales by Local Health Boards (LHBs) for the year 2019. There are seven LHBs in Wales: Aneurin Bevan University Health Board, Betsi Cadwaladr University Health Board, Cardiff and Vale University Health Board, Cwm Taf Morgannwg University Health Board, Hywel Dda University Health Board, Powys Teaching Health Board, and Swansea Bay University Health Board.
Data 
Cancer Incidence in Wales (1995-2019): This dataset provides information on the number of new cases of cancer in Wales over a 25-year period. The data is available on the Welsh Cancer Intelligence and Surveillance Unit (WCISU) website. The data is in Excel format.
Cancer Mortality in Wales (1995-2019): This dataset provides information on the number of deaths from cancer in Wales over a 25-year period. The data is in Excel format.
Boundaries of Local Health Boards (LHBs) in Wales: This dataset provides the boundaries of the Local Health Boards (LHBs) in Wales.

	Data Type
	Data
	Data Source
	Data format
	Link to data

	Cancer
	Cancer Incidence In Wales, 2002-2019
	The Welsh Cancer Intelligence and Surveillance Unit’s (WCISU)
	Excel
	https://phw.nhs.wales/services-and-teams/welsh-cancer-intelligence-and-surveillance-unit-wcisu/cancer-incidence-in-wales-2002-2019/cancer-incidence-data-tables-2002-2019/

	Cancer
	Cancer Mortality In Wales, 2002 – 2021
	Toronto Police Service's Open Data Portal
	Excel
	https://phw.nhs.wales/services-and-teams/welsh-cancer-intelligence-and-surveillance-unit-wcisu/cancer-mortality-in-wales-2002-2021/cancer-mortality-wales-data-tables-2002-2021/

	Boundary
	Local Health Boards - LHB Post Apr 2019 (Low Water Mark)
	DataMapWales – Gov.wales (Welsh Government services and information)
	Shapefile
	https://datamap.gov.wales/layers/geonode:lhb_low_water_mark_post_apr_2019

	Population
	Population estimates by local health boards and age
	StatsWales – Gov.wales (Welsh Government services and information)
	Excel
	https://statswales.gov.wales/Catalogue/Population-and-Migration/Population/Estimates/Local-Health-Boards/populationestimates-by-lhb-age


Methodology
The methodology involved a series of steps taken to extract meaningful insights from the dataset, using GIS techniques.
Data Preparation
The health board boundaries data were projected to the British National Grid coordinate system using the Project tool. This coordinate system is suitable for mapping data in Great Britain and preserves distance and area measurements.
Table Join
The lung cancer incidence and mortality data were joined to the health board boundaries data using the Join Field tool. The health board name was used as the common field to match the records from both tables. The join added the number of cases, deaths, and population estimates to the health board boundaries attribute table.
The smoking prevalence data were joined to the health board boundaries data using the Join Field tool. The health board code was used as the common field to match the records from both tables. The join added the smoking prevalence percentage to the health board boundaries attribute table.
Field Calculator
The lung cancer incidence and mortality rates per 100,000 population were calculated using the Calculate Field tool. The rates were calculated by dividing the number of cases or deaths by the population estimates and multiplying by 100,000. The rates were added as new fields to the health board boundaries attribute table.
Spatial Queries
Spatial queries were run on the data depending on the information needed. The data was queried to extract Lung cancer form the cancer dataset for the year 2019. Spatial query was also run on the extracted lung dataset to filter data by sex, local health boards.
Geospatial visualization
The lung cancer incidence and mortality rates and the smoking prevalence proportion were mapped using graduated colors symbology. Graduated colors symbology assigns different colors to features based on their values for a numeric variable. A color scheme with dark colors for high values and light colors for low values was used for each variable. A legend was added to show the range of values and colors for each variable.
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Fig. 1 Choropleth map showing the distribution of Lung Cancer Incidence across Local Health Boards in Wales
The choropleth map in fig. 1 shows the distribution of lung cancer incidence rate across the seven Local Health Boards in Wales. The incidence rate is measured in cases per 100,000 population. The incidence rate is depicted by color gradient that ranges from yellow (low incidence rate) to dark red (high incidence rate). The map shows that the highest incidence rates are found in Powys Teaching Health Board (90.61 cases per 100,000 population), Swansea Bay University Health Board (87.62 cases per 100,000 population), Hywel Dda University Health Board (86.24 cases per 100,000 population) and Cwm Taf Morgannwg University Health Board (83.36 cases per 100,000 population), while the lowest incidence rate is found in Cardiff and Vale University Health Board (69.13 cases per 100,000 population) with Aneurin Bevan University Health Board (74.22 cases per 100,000 population) and Betsi Cadwaladr University Health Board (79.76 cases per 100,000 population) coming after respectively
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Fig. 2 Choropleth map showing the distribution of Lung Cancer Incidence among males across Local Health Boards in Wales
The choropleth map in fig. 2 shows the distribution of lung cancer incidence rate across the seven Local Health Boards in Wales. The incidence rate is measured in cases per 100,000 population. The incidence rate is depicted by color gradient that ranges from yellow (low incidence rate) to dark red (high incidence rate). The map shows that the highest incidence rates are found in Powys Teaching Health Board (108.33 cases per 100,000 population), Swansea Bay University Health Board (99.09 cases per 100,000 population) and Hywel Dda University Health Board (96.21 cases per 100,000 population), Cwm Taf Morgannwg University Health Board (82.43 cases per 100,000 population) and Betsi Cadwaladr University Health Board (82.38 cases per 100,000 population) have almost the same rate, while the lowest incidence rate is found in Cardiff and Vale University Health Board (73.02 cases per 100,000 population) and Aneurin Bevan University Health Board (75.03 cases per 100,000 population).

[image: Description: Description: Incident Rate Female]
Fig. 3 Choropleth map showing the distribution of Lung Cancer Incidence among females across Local Health Boards in Wales
The choropleth map in fig. 3 shows the distribution of lung cancer incidence rate among females across the seven Local Health Boards in Wales. The incidence rate is measured in cases per 100,000 population. The incidence rate is depicted by color gradient that ranges from yellow (low incidence rate) to dark red (high incidence rate). The map shows that the highest incidence rates are found in Cwm Taf Morgannwg University Health Board (84.27 cases per 100,000 population) followed by Betsi Cadwaladr University Health Board (77.21 cases per 100,000 population), then Hywel Dda University Health Board (76.62 cases per 100,000 population) and Swansea Bay University Health Board (76.32 cases per 100,000 population) then Aneurin Bevan University Health Board (73.44 cases per 100,000 population) and Powys Teaching Health Board (73.25 cases per 100,000 population). The lowest incidence rate is found in Cardiff and Vale University Health Board (73.02 cases per 100,000 population)

[image: Description: Description: Mortality Rate Person]
Fig. 4 Choropleth map showing the distribution of Lung Cancer mortality rates across Local Health Boards in Wales
The choropleth map in fig. 4 shows the distribution of lung cancer mortality rate across the seven Local Health Boards in Wales. The mortality rate is measured in cases per 100,000 population. The mortality rate is depicted by color gradient that ranges from yellow (low mortality rate) to dark red (high mortality rate). The map shows that the highest mortality rates are found in Cwm Taf Morgannwg University Health Board (67.09 cases per 100,000 population) and Betsi Cadwaladr University Health Board (66.47 cases per 100,000 population), closely followed by Powys Teaching Health Board (62.67 cases per 100,000 population) and Hywel Dda University Health Board (62.23 cases per 100,000 population), then Swansea Bay University Health Board (58.93 cases per 100,000 population) and Aneurin Bevan University Health Board (57.05 cases per 100,000 population). Cardiff and Vale University Health Board (48.55 cases per 100,000 population) has the lowest mortality rate
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Fig. 5 Choropleth map showing the distribution of Lung Cancer mortality rates among males across Local Health Boards in Wales
The choropleth map in fig. 5 shows the distribution of lung cancer mortality rate among males across the seven Local Health Boards in Wales. The mortality rate is measured in cases per 100,000 population. The mortality rate is depicted by color gradient that ranges from yellow (low incidence rate) to dark red (high incidence rate). The map shows that the highest mortality rate is found in Powys Teaching Health Board (77.82 cases per 100,000 population) followed by  Hywel Dda University Health Board (72.03 cases per 100,000 population), Betsi Cadwaladr University Health Board (71.97 cases per 100,000 population), Cwm Taf Morgannwg University Health Board (68.39 cases per 100,000 population), Swansea Bay University Health Board (66.57 cases per 100,000 population), and Aneurin Bevan University Health Board (56.18 cases per 100,000 population), while the lowest mortality rate is found in Cardiff and Vale University Health Board (55.17 cases per 100,000 population).
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Fig. 6 Choropleth map showing the distribution of Lung Cancer mortality rates among females across Local Health Boards in Wales
The choropleth map in fig. 6 shows the distribution of lung cancer mortality rate among females across the seven Local Health Boards in Wales. The mortality rate is measured in cases per 100,000 population. The mortality rate is depicted by color gradient that ranges from yellow (low incidence rate) to dark red (high incidence rate). The map shows that the highest mortality rate is found in Cwm Taf Morgannwg University Health Board (65.83 cases per 100,000 population), followed by Betsi Cadwaladr University Health Board (61.09 cases per 100,000 population), Aneurin Bevan University Health Board (57.9 cases per 100,000 population) Hywel Dda University Health Board (52.77 cases per 100,000 population), Swansea Bay University Health Board (51.39 cases per 100,000 population), Powys Teaching Health Board (47.84 cases per 100,000 population), while the lowest mortality rate is found in Cardiff and Vale University Health Board (42.13 cases per 100,000 population).

Multivariate Map Visualization of Incidence and Mortality rates across Local Health Boards in Wales
The maps shows the visualization of lung cancer incidence rate and mortality rates among the Welsh population, the two variables were map using different characteristics. Green colour gradient was used to map the incidence rate, the color ranging from light green (lowest incidence rate) to deep green (highest incidence rate), and the Mortality rate was visualized in graduated red colour symbol, the size of the relative to the value of the mortality rate. Overlaying the layer of the two variables, we are able to make comparison between the incidence rate and mortality rate of each LHBs.
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Fig. 7 Multivariate map showing the of Incidence and Mortality rates across Local Health Boards in Wales 
Making comparisons, we from fig. 7, Powys Teaching Health Board ranking first in incidence rate and third in mortality rate, Swansea Bay University Health Board ranking second in incidence rate and fifth in mortality rate, Hywel Dda University Health Board ranking third in incidence rate and fourth in mortality rate, Cwm Taf Morgannwg University Health Board ranking fourth in incidence rate and first in mortality rate, Betsi Cadwaladr University Health Board ranking fifth in incidence rate and second in mortality rate, Aneurin Bevan University Health Board ranking sixth in both incidence rate and mortality rate, and Cardiff and Vale University Health Board ranking last in both incidence and mortality rate 
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Fig. 8 Multivariate map showing the of Incidence and Mortality rates across Local Health Boards in Wales 
In the male population, according to the map in fig. 8, Powys Teaching Health Board ranking first in incidence rate and first in mortality rate, Swansea Bay University Health Board ranking second in incidence rate and fifth in mortality rate, Hywel Dda University Health Board ranking second in incidence rate and fourth in mortality rate, Cwm Taf Morgannwg University Health Board ranking fourth in incidence rate and fourth in mortality rate, Betsi Cadwaladr University Health Board ranking fifth in incidence rate and third in mortality rate, Aneurin Bevan University Health Board ranking sixth in both incidence rate and mortality rate, and Cardiff and Vale University Health Board ranking last in both incidence and mortality rate 
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Fig. 9 Multivariate map showing the of Incidence and Mortality rates across Local Health Boards in Wales 
In the female population, according to the map in fig. 9, Cwm Taf Morgannwg University Health Board ranking first in incidence rate and first in mortality rate, Betsi Cadwaladr University Health Board ranking second in incidence rate and second in mortality rate, Hywel Dda University Health Board ranking third in incidence rate and fourth in mortality rate, Swansea Bay University Health Board ranking fourth in incidence rate and fifth in mortality rate, Aneurin Bevan University Health Board ranking fifth in incidence rate and third in mortality rate, Powys Teaching Health Board ranking sixth in incidence rate and sixth in mortality rate, and Cardiff and Vale University Health Board ranking last in both incidence and mortality rate.
Conclusion
This case study has been able to demonstrate the use of geodemographic analysis in healthcare systems in this case Lung cancer prevalence in Wales. It takes into consideration important data acquisition principles in acquiring the data. The data used were acquired from reliable open sources in this case the Wales government databases in format compatible with a GIS software. GIS operations such as table joins were employed. Spatial queries were used to filter the data, and was visualized using thematic maps.  These thematic maps carries the visual information on lung cancer prevalence and can help healthcare professional in making decisions.
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