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[bookmark: _Toc193440]1.0 Introduction 
Dating back to as early as 1781, Geographical Information Systems (GIS) have long been used as means of visualising and analysing data. GIS has become increasingly popular and even more so for its use in environmental management and analysis. This report seeks to evaluate GIS software as a modelling tool for environmental analysis, by collecting data and creating a case study. 
[bookmark: _Toc193441]1.1 What is GIS?
GIS is a type of computer-based information designed to capture, store, and manipulate data for analysis. As the data is geographic it means it will have some sort of geospatial element – spatial data that relates to the surface of the Earth (Worboys & Duckham, 2004). This data is usually coupled with tabular data, otherwise known as attribute data (Martindale, n.d.) – attribute data is information suspended within a tabular format and linked to spatial features (Dempsey, 2013).
[bookmark: _Toc193442]2.0 Literature Review
[bookmark: _Toc193443]2.1 Brief history of GIS 
GIS has been shown to have historical origins, though these still historic origins still conform with present needs as a way to organise, visualise and interpret spatial data. Berthier, a French cartographer, created map overlays of troop movements during the Battle of Yorktown in 1781 (Waters, 2017). Another historical example includes the cholera outbreak of 1854, in which Dr John Snow mapped breakout incidences and found strong evidence to suggest that the disease spread through water opposed to miasma (Waters, 1998). However, the roots of modern GIS come from the Canadian Geographic System (CGIS), a Canadian Government project in the 1960’s led by Roger Tomlinson (Waters, 1998). This was first form of fully functional vector-based GIS, allowing a layer approached system to build maps, resulting in Tomlinson being dubbed the “father of GIS” (Waters, 1998) (Waters, 1998). 
[bookmark: _Toc193444]2.2 What is it used for? 
GIS has shown to be a useful tool in regards for its use for problem solving and its usage within the decision-making processes (Longley, et al., 2011), due to its visualisation of attribute data in the spatial environment. Geospatial data has been analysed to determine:  
1.0 Location of feature and relationships to other features
2.0 Mapping quantities of features
3.0 Mapping densities of features
4.0 Activities within areas of studies 
5.0 Activities  within proximity to the area of study – e.g. buffer tool 
6.0 Mapping change over time 
[bookmark: _Hlk6435]Though it works in practice, the real world is extremely complex, meaning that any database representation must be an estimation or generalisation of the subject it aims to represent (UCSB, 1998). 
[bookmark: _Toc193445]2.3 Geospatial Data Formats
[bookmark: _GoBack]There are many ways in which geospatial data can be formatted, though the two primary types of data are raster and vector (Longley, et al., 2011). 
[image: ]
[bookmark: _Toc193465]Figure 1: Raster and Vector Data (Worboys & Duckham, 2004). 
A vector defined as a fine straight-line segment defined by its end-points (Worboys & Duckham, 2004). End-point locations are given in respect to some coordinatization of the plane (Worboys & Duckham, 2004), it can be expressed as points, lines or polygons (Martindale, n.d.). Arcs can be created through a series of straight-line segments, represented by a vector (Worboys & Duckham, 2004). Vectors are an appropriate representation for a wide range of spatial data, typically data such as GPS coordinates or hard boundaries (Arc). 
[bookmark: _Hlk536699618]The other primary type of data is raster. Raster data is organised as a grid of cells known as pixels, with each cell of the raster addressed by its position with the grid (Worboys & Duckham, 2004). Worboys & Duckham (2004) state that raster data is able to represent a large range of computable spatial objects. Raster data is best suited and most appropriate for modelling continuous data (thematic data) or information that does not have hard boundaries, primarily interval data interpolated to create continual surfaces e.g. contour mapping or precipitation mapping (Martindale, n.d.) (Worboys & Duckham, 2004). 
[bookmark: _Toc193446]2.4 GIS - Environmental Management and Analysis
[image: ]
[bookmark: _Toc193466]Figure 2: Example data flow and networks required for an environmental management and analysis system (Larsen, L. , 1999)
[bookmark: _Hlk190171]GIS is fundamentally about solving real-world issues and this is why it plays such an important role in environmental management and analysis. GIS works well as a tool for data derived from measurement stations (Figure 2), however Larsen (1999) states that GIS has shortcomings regarding dealing with time series data (data measured at time intervals). Larson (1999) describes time series data as “too frequent”, resulting in large volumes of data – though the addition of external software can combat this (Larsen, L. , 1999). However, this is expensive and alternative methods such as the use of simple statistics can be used to standardise or average (etc.) data for comparison (ABS, 2010) (Larsen, L. , 1999). Larsen (1999) also states that data collected would be more useful if related to Ariel units opposed to point data, though interpolating data each measurement station can be achieved using standard GIS gridding tools (Figure 1). 
It is expected that environmental analysis systems are expensive. GIS accounts for less than 10% of the total cost of the system, while approximately 90% of the cost comes from the measurement programme, the quality control, and the data processor (Larsen, L. , 1999). However, this is due to environmental GIS users typically not having the additional skills to develop further GIS applications  (Larsen, L. , 1999), meaning users subject to work within current GIS and software parameters. Though development of software such as the GeoAnalytics and modelling directorate (GAM) by the British Geological Survey (BGS), show that environmental GIS is on the rise. 
[bookmark: _Toc193447]3.0 Methodology
As a part of this study, the following tools were utilised: 
· REAP (Resources and Energy Analysis) Petite & Questionnaire 
· UK Data Service 
· Townsend Deprivation Index 
· Mapinfo Pro
Questionnaires were distributed to 42 residents living within the postcode districts SA1 – a deprived area and SA3 – an affluent area, in the City and County of Swansea. REAP petite was then used in order to calculate the carbon and ecological footprints for the surveyed residents. The following variables were then been extracted from the UK Data service data store:
1. Percentage of households without access to a vehicle. 
2. Percentage of households with more than one person per room (overcrowding).
3. Percentage of households not owner-occupied (tenure). 
4. Percentage of economically active residents who are unemployed. 
Each variable was then used to calculate the Townsend Deprivation Index (TDI), developed by Townsend et al. 1987. Calculated figures for ecological and carbon footprints, and the calculated TDI figures were then collated and inputted into the Mapinfo Pro software. Additional variables also extracted from the UK Data Service have been introduced for further data analysis within the next sections of this report. 
[bookmark: _Toc193448]4.0 Creating a Thematic Map
[bookmark: _Toc193449]4.1 Creating a thematic map using the Townsend Index 
Thematic maps have been shown to be effective tools for research and the presentation of research findings (Gentilli, 1997). Boundary data has been extracted from the UK data service, a boundary map of Wales has been used as a base layer. Overlaying the base layer is the boundary data for Swansea, it is sub-divided into 792 lower output areas and small areas and comprised of three layers: output areas, middle super output areas, and lower super output areas as shown in Figure 3. However visually there are some discrepancies, in that the layers do not align – though this is potentially due to estimations of the Wales boundary data (UCSB, 1998).
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[bookmark: _Toc193467]Figure 3: Boundary for Wales and Output areas - City and County of Swansea. 
When selecting layer properties, specifically for boundary data such as output areas, boundary properties can be altered through a style override – enabling you to change factors as seen in Figure 4.
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[bookmark: _Toc193468]Figure 4: Altering boundary data styles.
Using data extracted from UK data service, the Townsend Index can be calculated (Figure 5)and plotted onto the boundary data maps. An example of calculated equations can be found in Figure 6.
[image: ][bookmark: _Toc193469]Figure 5: Equations used to calculate the Townsend Index (NHS Wales, 2008). 
The Index uses four equally weighted variables to calculate the scores as follows:
Variable 1: % economically active residents aged 16-59/64 who are unemployed
(excluding students)
Variable 2: % private households who do not possess a car or van
Variable 3: % private households not owner occupied
Variable 4: % private households overcrowded (more than one person per room)
 Variables 1 and 4 are log transformed to normalise their distributions (y=ln(x+1)).
As a next step, the z-score technique is applied (e.g. z-score1 = (Variable1 –
Mean(Variable1))/Standard deviation(Variable 1)). The final score is the sum of the
four z-scores.

[bookmark: _Toc193470]Figure 6: Example of calculated Townsend indices in Microsoft Excel. 
[bookmark: _Hlk99420]Figure 6 shows example rows in Microsoft Excel, while Excel is good for processing data, visualisation of data is limited and there are no options for data with this many rows or columns. Files saved as an ‘Microsoft Excel 97-2003 Worksheet’ can be opened up in MapInfo Pro as a table, from this the calculated Townsend Index can be used for creating a thematic map. Under the Map Heading , there is the option to ‘Add Theme’. Clicking this enables you to create the thematic map, as it is thematic data ‘Region Ranges’ have been selected. 
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[bookmark: _Toc193471]Figure 7: Creating a Thematic Map - Choosing Theme.
In order to ensure the thematic map is accurate, the correct source of data and right column within the data must be selected. Step 3 of 3 simply involves pressing ‘OK’ to confirm prior selection of data and theme. 
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[bookmark: _Toc193472]Figure 8: Creating a Thematic Map - Choosing Calculated Townsend Data set. 
Though the Calculated Townsend Index data has a theme, it is a template that is provided by MapInfo Pro. Further alterations to the theme in order customise the thematic map can be made by selecting the layer, in which the option to either alter the colour palette (Figure 9) or the style (Figure 10) will appear. 

[image: ]
[bookmark: _Toc193473]Figure 9: Colour palettes for thematic maps.
[image: ]
[bookmark: _Toc193474]Figure 10: Custom range styles and region styles.
A simple change from five diverging colours of Brown – Green, to a single-hue of purple was made (Figure 11), this was seen as an ideal way to visualise the data as this showed clear changes between the most deprived areas and the least deprived areas. Figure 11 shows deprivation is greatest towards the inner city; however, census data is relatively outdated (2011) and may be particularly inaccurate when applied to more mobile, inner city populations (Adams, et al., 2004). 


[image: ][image: ][bookmark: _Toc193475]Figure 11: Townsend Deprivation Index for Swansea.

[bookmark: _Toc193450]4.2 Plotting Environmental Management Data – Carbon and Ecological Footprints 
For data collection methods, see 3.0 Methodology. Postcode data was extracted from the UK Data Service and opened as a table within MapInfo Pro and added as a layer to the map, this data has already been geocoded. Data collected and processed by REAP Petite software can be opened as a table within MapInfo Pro, providing it has been saved as a ‘Microsoft Excel 97-2003 Worksheet’. 
[image: ][bookmark: _Toc193476]Figure 12: Example of postcode data.
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[bookmark: _Toc193477]Figure 13: Example of REAP Petite data with postcodes. 
[bookmark: _Hlk117518]Under the Spatial tab on MapInfo, there is the option to Geocode – by selecting this it presents the pop-up as in Figure 14. The ‘Geocode table’ should be the REAP Petite data, while the ‘Search Table’ should be the extracted postcode data – by selecting these, MapInfo will extract the relevant data from the tables, geocoding the REAP Petite data to the postcode data using the postcodes provided. 
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[bookmark: _Toc193478]Figure 14: Geocoding REAP Petite data to postcode data from UK Data Service.
[image: ][image: ]The geocoded REAP Petite data has been added as a layer to the map displaying the postcodes of residents that took part in the questionnaire. Figure 15 shows that residents living in the east of Swansea – SA1, predominantly live in the most deprived areas, while residents to the west – SA3, live in the least deprived areas. However, there is a cluster of SA3 residents living within the ward of  West-Cross; it is the 40th most deprived lower super output area in Swansea on the Welsh Index of Multiple Deprivation (WIMD) (Swansea Council , 2019), supporting the calculated Townsend Index of smaller areas. This is potentially due to a high proportion of older residents within the area, resulting in an economically inactive figure of 40.4% (Swansea Council , 2019). Residents surveyed around the West-Cross cluster were predominantly aged 19-29 with low-income, suggesting that they were possibly students. While students only make up 7.6% of the population of West-Cross (Swansea Council , 2019), they are classified as economically inactive and it will undoubtedly negatively contribute to the final deprivation score.[bookmark: _Toc193479]Figure 15: Geocoded REAP Petite data of SA1 and SA3 residents, displayed as red squares.
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[bookmark: _Toc193480]Figure 16: Visualising data in Microsoft Excel - Breakdown of average ecological footprint for SA1 & SA3.
Under the spatial heading on MapInfo Pro there is the ‘SQL Select’, this tool is used to derive and display new information from existing information within tables (Daniel, et al., 2001). In this instance only three of the boxes are needed (Figure 17), ‘from Tables’ – the REAP Petite data, ‘Select Columns’ and ‘where Condition’ – this query allows us to filter conditions, in this instance we are looking for residents with below and above average ecological footprints (Figure 16). The resulting query (as expressed in Figure 17) only highlights data meeting these conditions. 
[image: ]
[bookmark: _Toc193481]Figure 17: SQL Select 
Both above and below average data sets derived from the SQL query are opened as a table and can be added as a layer to the map workspace. This will plot the data, though this will give both data sets the same blank symbol. Symbols can be changed by selecting the symbol in the ‘Map’ column and preforming a ‘Style Override’, preforming this presents you with Figure 18. This allows you to alter the colour, size, and type of symbol so that differing data can be shown clearly. 
[image: ]
[bookmark: _Toc193482]Figure 18: Overriding styles for point data.
Figure 19 depicts below and above average ecological footprints plotted through the SQL process. 
[bookmark: _Hlk188074][image: ][image: ]Residents with an above average ecological footprint live predominantly within the SA3 postcode, while there is a high concentration of below average residents living in SA1 - clustered around the city centre, suggesting a higher population density. However, are two SA3 residents to the west that have an ecological footprint that is below average. Though it is possibly due to varying reasons, food has been shown to represent a large portion (approximately 30%) of the total ecological footprint for the average resident living within SA3 and SA1 (Figure 16). Residents living within less deprived areas typically have a greater sense of “ecological citizenship” and have greater ability to by local organic produce (Seyfang, 2006), the aforementioned SA3 residents possibly have lower footprints due to their proximity rural areas and its local produce, though this cannot be derived from the REAP Petite data and further investigation may be required.[bookmark: _Toc193483]Figure 19: Residents with below and above average Ecological Footprints.

The same SLQ process was repeated in order to plot the income for residents that took part in the survey.  Above average ecological footprints typically correspond with incomes greater than £30,000 (Figure 19 & 20). This underpins work by Stechbart & Wilson (2010) that identified a positive correlation between. [image: ][image: ]Studies have shown that residents with a higher-income have the ability to live further away from their place of work, thus increasing commuting time and their ecological footprint (Zhu, et al., 2017). [bookmark: _Toc193484]Figure 20: Income of residents in pound sterling (£).

[bookmark: _Toc193451]5.0 Conclusion 
GIS plays an important role within environmental management and analysis, particularity regarding the visualisation of data. The use of thematic maps within GIS shows clear changes or key differences between data sets. This report has shown that it is good for visualising and analysing environmental management data, such as the carbon and ecological footprints used here – though Larsen (1999) states that it falls down in areas where data is “too frequent” or requires additional software. However, the creation of environmental specific GIS software that allows greater in-depth analysis and modelling, such as GAM by the BGS, is on the rise as companies look to solve or monitor environmental issues.  
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1 [number name  sex age income  post code region  adults
2 1ThainaraFfemale 19-29  10000-199SA13)L  Wales 4+
3 2sebastian male  19-29  0-10000 SA16UT Wales
a 6JemmaMifemale 3049 30000499 SA15QL Wales
B 7Trefor male 3049 30000499 SA15/G  Wales
6 9 MadieTipfemale 65+ 010000 SAIBIR  Wales
7 11 VijayKunmale  19-29  0-10000 SA13YT  Wales
B 128ruce  male  19-29  5000-9999SA1GEL Wales 4+
) 13 Joe male 1929 0-10000 SAL4EH Wales 4+
10 14 Naomishifemale 1929 0-10000 SA1STX Wales 4+
1 15 Jacob Quitmale 1929 10000-199SA18AU Wales 4+
12 16 will male 1929 5000-9999SA13NE Wales 4+
13 17 Courtney female -10-10000 SA13NQ Wales 4+
1 18 male -10-10000 SA16AS Wales 4+
15 19 male 1929 0-10000 SA13TT Wales 4+
16 20 Grace Exlefemale 1929 0-10000 SA13ES Wales 4+
7 21 FraserReimale 1929 [10000-199]sA15Hs  wales
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Figure 12: Example of postcode dta.
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