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[bookmark: _Toc508115046]Introduction 
Usage of Geographical Information Systems (GIS) has increased dramatically, attesting to the practicality and efficacy of GIS systems in presenting spatial and temporal data in user-friendly and digestible formats. This has been significant in the environmental sector, in both private and public spheres. GIS is now an invaluable tool in displaying environmental data visually, as well as representing complex interconnected narratives in environmental industry, regulation and research. This paper aims to assess the efficacy of the widely used MapInfo Pro 16 GIS programme, produced by Pitney Bowes. This will be achieved by deploying it practically in the context of a novel research piece, allowing meta-analysis of how efficiently MapInfo can be deployed in real world research and how effectively it produces the desired and intended results associated with GIS. Contextualizing MapInfo in to a research piece demonstrates the methodological challenges faced with incorporating GIS in to real-world time restricted projects.
This paper will investigate the potential for a relationship between deprivation and air pollution/quality in relation to Swansea, South West U.K., testing the hypothesis that there’s no relationship between varying levels of deprivation/affluence and air pollution/quality. This will be achieved using secondary data from Air Quality Wales and the Townsend Deprivation Index, contrasting deprivation rates with mean seasonal differences in Nitrogen Dioxide (NO2) for 2016, gathered from six sites around Swansea.
[bookmark: _Toc508115047]Background 
[bookmark: _Toc508115048]GIS Background
GIS programmes have been transformative in environmental regulation, academia and industry for over two decades, the ability to spatially process and display information across multiple layers proving highly useful, Tsihrintzis et al., (1996) attesting to GIS’s efficacious applicability in water resource management. In addition to environmental site/pollution management, GIS has further applications in a sustainability context, Li et al., (2005) proving GIS systems can help reduce construction waste and improve construction efficiency, involving barcoding materials and logging positions in a GIS system, reducing chances of waste being unduly discarded.
[bookmark: _Hlk508115075]The deployment of GIS isn’t without critical considerations, as Bunch et al., (2012) highlights, GIS systems are typically deployed in environmental contexts when there’s a conflict of interest between stakeholders, prompting GIS practitioners to be aware of the socio-economic and political context of the topic area. Commenting further, Bunch et al highlights the subjectivity of information and knowledge. Baker and White (2007) have demonstrated how GIS systems have a positive effect on “students' attitudes, self-efficacy, and achievement” in secondary education science classes. Attesting to GIS systems ability to enhance the efficacy of not just research projects but those authoring them. 
[bookmark: _Toc508115049]Research Background
[bookmark: _GoBack]The prevalent problem of air pollution poses a litany of environmental and health risks, among others, oxides of Nitrogen pose significant risk, this project focusing on Nitrogen Dioxide (NO2) specifically. Produced from the combustion of fossil fuels, DEFRA, (2004), NO2 can damage plant life, contribute to the formation of acid rain and can cause respiratory, cardiovascular and immune health problems, SEPA, (2018). Social deprivation as defined by Welsh Government is “the lack of access to opportunities and resources which we might expect in our society”, Welsh Index of Multiple Deprivation, (2014). How deprivation and air pollution relate to each other is complex and dependent on the context of analysis. From an environmental degradation perspective, in terms of causation, deprived populations can’t be said to contribute more pollution to the atmosphere, the opposite is in fact true. On both global and national scales, economic development is initially strongly positively associated with increasing air pollution, Selden and Song (1994) therefore, deprived populations have reduced access to polluting technologies and lifestyles and consequentially pollute less.
The prevailing relationship between air pollution and deprivation in the literature is the negative socio-economic health implications exhibited. Deprivation measure or indices, such as the Townsend index used in this study, rely on the use of measured indicators to assess a populations deprivation, the Townsend indicators measure rates of households with a car, overcrowding in households, households not owner-occupied and number of unemployed residents. Benmarhnia et al., (2014) concluded that the relationship between air pollution and deprivation exacerbate the relationship between ambient heat and mortality. Naess et al, (2007) concluded that deprived populations are geographically more exposed to air pollution and that this explains the observed association between air pollution and excess mortality. Namdeo and Stringer (2008) surmised that there’s a weak positive relationship between air pollution and deprivation measures, that deprived populations are disproportionally affected by air pollution. Its apparent that there are notable relationships between air pollution health implications and deprivation. What is most notable is that deprived populations are disproportionally affected not just because of their geography but because their inherent health and ability to heal from illness is comparatively diminished.
[bookmark: _Toc508115050]Methodology 
[bookmark: _Toc508115051]Scope
[image: ]The city of Swansea was chosen for the scope of the research piece for multiple reasons, Swansea has a long industrial history synonymous with air pollution, Cadw, (2016). In the context of the U.K. Swansea’s economic performance has suffered in recent decades as a result of slowing growth, putting Swansea’s economic performance below the Welsh average and far below the U.K average, Swansea Council, (2018), this has resulted in high levels of socio-economic deprivation. Despite this Swansea as part of the U.K. is highly developed with high personal car ownership rates and high energy usage, all predictive of high air pollution rates. These factors make Swansea a powerful choice for investigating the relationships between deprivation and air pollution and consequently the meta-analysis of MapInfo’s efficacy in a practical research piece.
[bookmark: _Toc508115060]Figure 1: Swansea's Location Within Wales, Wikimedia (2018).
[bookmark: _Toc508115052]Data Collection/ Synthesis
Air pollution data for 2016 was sourced from Air Quality Wales, a group linked with welsh government, with numerous testing sites around wales, testing for multiple pollutants, the 6 Swansea based air quality sites are exhibited in figure 2. The Townsend Index data was sourced from the government run UK Data Service. The Townsend Index is obtained by calculating the Z statistic from the indicators, subtracting the mean value and dividing by the standard deviation, this process was already performed in the information provided by the UK Data Service.
The air quality data had to be synthesised and cleansed prior to application in to MapInfo. The raw data from Air Quality Wales was produced in daily mean Nitrogen Dioxide micrograms per cubic meter of regular atmosphere (NO2 µg/m3), significant gaps occurred in the recorded NO2 levels for 2016. To pre-emptively counter potential skewness, 10 daily means were randomly selected from each month and averaged to produce the monthly average, this was then averaged with the two remaining months from that season to produce the final seasonal average NO2 µg/m3. This processed data along with the pre-produced Townsend deprivation index scores were inputted in to a comma delimited Microsoft excel document, along with the latitude and longitudes of the six air quality stations, ready for inputting in to MapInfo 16.
[image: ] 
[bookmark: _Toc508115061]Figure 2: Locations of the Six Air Quality Test Stations for Swansea, AIr Quality Wales, (2018).
[bookmark: _Toc508115053]Constraints 
This research project suffered a notable methodological constraint, a constraint which forms the primary meta-analyses of the MapInfo system’s practicality and efficacy in a real-world setting. The methodological constraint in question is the complexity and consequent length of developing a suitable MapInfo workspace. In relation to this paper, the development of the workbook was so complex and time intensive that the final steps had to be completed without using MapInfo, using image editors e.g. Photoshop instead, this pertains specifically to creating the buffer zones for the spatial pollution rates.  Every other step was carried out using MapInfo, introducing and formatting deprivation data and air quality stations were introduced to the workbook but due to time constraints compounded by MapInfo’s complexity, Pitney Bowes recognising that “Creating a buffer is time consuming” (2016, pg. 337), alternate programmes had to employed. This exemplifies the difficulty of using a system as complex as MapInfo in novel research, showing that MapInfo requires a high level of competency before undertaking research. Mastering MapInfo concurrent with deploying it is extremely difficult and is not suited to practitioners with limited to moderate GIS experience.
This constraint could be considered a result of failed project time management and not representative of MapInfo 16’s true efficacy, which could be considered valid, but neglects to appreciate the esoteric user experience of MapInfo 16. The programme has minimal in house prompts to assist workbook development, error warnings are non-descript, being compounded by minimal accessible technical support. Pitney Bowes does publish user guides for each new version of MapInfo, but these documents are 700 plus pages long and consist primarily of descriptive narration. Some online FAQs and superficial tutorials exist to fill the gaps in technical support, this fledgling support structure results in a steep learning curve, consequently, problem solving is primarily deductive, proving time intensive. This results in MapInfo 16 being relatively exclusive to those with significant experience with the programme and GIS in general. This situation significantly reduces MapInfo’s total efficacy and applicability in real world environmental government, academia and industry. 
[bookmark: _Toc508115054]Construction of the MapInfo Workspace
[image: ]What follows are a series of figures depicting screenshots of the construction of the functioning MapInfo workspace, with captions describing the developmental process, important notes on the construction process and challenges faced are included where relevant.
[bookmark: _Toc508115076]Table 1: Table of Synthesized Seasonal Average NO2 (µg/m3.) for Each Monitor Station, With Latitude and Longitude, Table was Collated in a Comma Delimited Excel Document Specifically for Exporting to MapInfo.
	Ward Code
	Ward Name
	Townsend Score

	00NXNW
	Bishopston
	-2.89

	00NXNX
	Bonymaen
	3.35

	00NXNY
	Castle
	5.75

	00NXNZ
	Clydach
	0.42

	00NXPA
	Cockett
	0.82

	00NXPB
	Cwmbwrla
	0.48

	00NXPC
	Dunvant
	-2.14

	00NXPD
	Fairwood
	-1.71

	00NXPE
	Gorseinon
	1.28

	00NXPF
	Gower
	-2.9

	00NXPG
	Gowerton
	-1.83

	00NXPH
	Killay North
	-1.07

	00NXPJ
	Killay South
	-2.45

	00NXPK
	Kingsbridge
	-2.81

	00NXPL
	Landore
	2.5

	00NXPM
	Llangyfelach
	-3.42

	00NXPN
	Llansamlet
	-0.55

	00NXPP
	Lower Loughor
	1.74

	00NXPQ
	Mawr
	-0.96

	00NXPR
	Mayals
	-2.92

	00NXPS
	Morriston
	0.08

	00NXPT
	Mynyddbach
	1.09

	00NXPU
	Newton
	-2.68

	00NXPW
	Oystermouth
	-1.14

	00NXPX
	Penclawdd
	-1.88

	00NXPY
	Penderry
	8.18

	00NXPZ
	Penllergaer
	-0.9

	00NXQA
	Pennard
	-3.05

	00NXQB
	Penyrheol
	-0.32

	00NXQC
	Pontardulais
	-0.18

	00NXQD
	St. Thomas
	2.56

	00NXQE
	Sketty
	-0.54

	00NXQF
	Townhill
	10.52

	00NXQG
	Uplands
	2.14

	00NXQH
	Upper Loughor
	-1.48

	00NXQJ
	West Cross
	0.46



[bookmark: _Toc508115077]Table 2: Townsend Deprivation Index Scores for Swansea’s Ward Output Areas. The MapInfo Workbook Employs Swansea’s 148 Lower Super Output Area, which are Subdivided Output Ward areas. Higher Townsend Scores Equate to Higher Multiple Deprivation.
Both the Townsend deprivation scores and the air quality station data were opened in MapInfo using the ‘open table’ function, alongside Ward Output Areas (OA), Mid Super Output Areas (MSOA) and Lower Super Output Areas (LSOA). Following this the Townsend data needed ‘Geocoding’, this synchronised the deprivation scores with LSOA they originated from, shown in figure 3, forming one of the essential components of the workbook, the UK Data Service provided the information to geocode. After geocoding was complete, a thematic map could be created, depicted by Figures 4 and 5. Following this, the six air quality stations were depicted on the workbook using the ‘create points’ function, depicted in figures 7 and 8.

[image: ]
[bookmark: _Toc508115062][image: ]Figure 3: The Geocoding Process, Synchronizing Deprivation Data with Lower Super Output Areas.
[bookmark: _Toc508115063]Figure 4: Selecting the Style, Range and Colour Palette of the now Geocoded Thematic Townsend Map.

[image: ]
[bookmark: _Toc508115064]Figure 5: Further Editing of the Townsend Thematic Map Legend Range and Colour Palette.


[image: ]
[bookmark: _Toc508115065]Figure 6: Further Editing of Individual Sections Using Style Override, Contingent on the Cosmetic Layer Being Editable.
[image: ]
[bookmark: _Toc508115066]Figure 7: Using ‘Create Points’ to Generate the Six Air Monitor Locations, Using the Latitude and Longitude from the Air Quality Excel Document.


[image: ]
[bookmark: _Toc508115067]Figure 8: Editing the Air Monitor Location Points Using Style Override, Points Designed to Contrast Against the Colour Palette of the Thematic Map.

[bookmark: _Toc508115068]Figure 9:[image: ][image: ] Focussed Depiction of Air Monitoring Stations to the North of Swansea, Accompanied by Labels Displaying Their Names.




[bookmark: _Toc508115069]Figure 10: Focussed Depiction of Air Monitoring Stations to the South of Swansea, Accompanied by Labels Displaying Their Names.

[bookmark: _Toc508115070]Figure 11:[image: ] Map of Swansea With Thematic Townsend Deprivation Map and the Six Air Monitoring Stations, Prior to the Inclusion of Pollution Buffer Zones.
[image: ]The following figures depict the creation of pollution buffer zones. As previously mentioned, due to the difficulty of deploying the MapInfo system in tandem with project development, the pollution buffer zones had to be synthesized using separate programmes to MapInfo. Photoshop had to be employed because of the complexity of MapInfo and inadequate official guidance from Pitney Bowes resulting in time management problems in the research project, forming the main focus of this papers meta-analysis of MapInfo’s efficacy.
[bookmark: _Toc508115071]Figure 12: Spring of 2016 Average Nitrogen Dioxide µg/m3 for the Six Air Quality Monitors Around Swansea, Represented Thematically Along with Actual Reading, Contrasted with Townsend Deprivation Index.

[bookmark: _Toc508115072][image: ][image: ]Figure 13: Summer of 2016 Average Nitrogen Dioxide µg/m3 for the Six Air Quality Monitors Around Swansea, Represented Thematically Along with Actual Reading, Contrasted with Townsend Deprivation Index
[bookmark: _Toc508115073]Figure 14: Autumn of 2016 Average Nitrogen Dioxide µg/m3 for the Six Air Quality Monitors Around Swansea, Represented Thematically Along with Actual Reading, Contrasted with Townsend Deprivation Index

[bookmark: _Toc508115074][image: ]Figure 15: Winter of 2016 Average Nitrogen Dioxide µg/m3 for the Six Air Quality Monitors Around Swansea, Represented Thematically Along with Actual Reading, Contrasted with Townsend Deprivation Index.
[bookmark: _Toc508115055]Results and Analysis
[bookmark: _Toc508115056]Results of Research Project 
Gleaning results of differing seasonal air pollution rates are difficult to discern from the GIS workbook alone, no obvious trends exhibit themselves between seasons apart from Winter showing consistently high NO2 concentrations. This necessitated the implementation of Analysis of Variance (ANOVA) testing to understand potential statistical differences in seasonal mean concentrations across the six stations. With degrees of freedom = 23, the f-ratio value is 3.27969, resulting in P value = .042224, proving the differences between seasonal means amongst the six stations are statistically significant up to p<0.05. 
As the literature highlighted, there appears no observable causal relationship between deprivation and NO2 concentrations, especially not at a scale this small. However, converse to the literature, figures 12, 13, 14 and 15 shows that the more deprived populations are ostensibly less exposed to high NO2 concentrations. The five southerly stations are all encompassed by the most deprived areas and exhibited relatively low concentrations throughout, whereas the station to the north ‘Swansea Cwm Car Park’ exhibits consistently high concentrations yet is encompassed by slightly less deprived areas. 
[bookmark: _Toc508115057]Analysis of MapInfo’s Efficacy
As previously mentioned, MapInfo is a very powerful tool in expressing environmental information visually and is effective at facilitating complex informational overlays, however, its apparent that MapInfo’s real world efficacious applicability suffers from its own inherent complexity. It’s apparent that fully utilising MapInfo requires at least an intermediate level of expertise in GIS and the programme itself. The meta-analysis of this papers research topic shows that trying to deploy MapInfo to its full potential whilst developing a research project is a challenge, even with a broad understanding. The aforementioned gap in adequate support and guidance for the MapInfo programme means practitioners may be left trying to deduce solutions to problems encountered in developing a legitimate workbook, proving a time intensive process. 
[bookmark: _Toc508115058]Recommendations and Conclusions 
Building on the meta-analysis of this paper, its recommended that Pitney Bowes further invest in MapInfo’s support and guidance network in hopes of increasing the user-friendliness of the programme. This could include introducing inhouse prompts and links to videos that elucidate on the more complex components of the programme, a helpline or email listing directly to software experts could answer specific problems directly, reducing the need for deductive problem solving. A potential in house data entry systems could ameliorate data entry problems that were typical in this research paper when uploading documents in to MapInfo in an erroneous format. Additionally, an advertised warning to the complexity of the system and the level of knowledge and time required to be able to deploy it effectively could promote efficacious usage of the system. These recommendations could be easily disseminated across MapInfo and Pitney Bowes pre-existing social media network. In conclusion, the MapInfo Pro system is effective at producing desired results relative to the ability of the practitioner. Because of its inherent complexity, increased considerations, beyond the typical amount, should be made towards time management when including MapInfo in environmental industry, legislation or research. 
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Monitor  Name  Y  X  spring  average NO2  (µg/m3)  summer  average NO2  (µg/m3)  autumn  average   NO2  (µg/m3)  winter  average NO2  (µg/m3)   

Swansea  Cwm Level  Park  51.64573  - 3.939392  58.18148148  57.72390572  37.1  60.03333333   

Swansea  Roadside  51.6327  - 3.947374  26.31851852  37.77811448  18.1  40.86666667   

Swansea  Hafod DOAS  51.63293  - 3.93854  27.5  26.88956229  21.43333333  43.76666667   

Swansea  Station Court  High Street  51.62592  - 3.941502  30.67777778  50.97373737  25  60.5   

Swansea  Morfa Road  NOX  51.62638  - 3.938637  33.96666667  40.05521886  26.06666667  45.86666667   

Swansea St  Thomas  DOAS  51.62571  - 3.934461  14.81851852  19.38686869  7.633333333  22.33333333   


